Studies o f immune responses as they occur in patients with
schistosomiasis have been done using cells from the spleens of hepatosplenic patients removed at surgery, but by far most studies have analysed the reactivities of peripheral blood mononuclear cells (PBMC). It must be remembered, therefore, that while is the only logically available window into the immune system, it suffers by only a glimpse of what might be occuring in the peripheral lymphoid organs, or even more critically, at the sites of resistance effector involvement or lesion formation. Nevertheless, PBMC have been studied in multiple ways, involving their proliferative capacity, their ability to interact with antigen-containing nidi, and their abilities to make and realease cytokines.
Proliferation
The most commonly reported assay is the proliferative response of PBMC in the presence of schistosome antigenic materials or phytomitogens. Several groups have followed these responses to different schistosome-derived materials 614263258 62. Most commonly, crude extracts of eggs (SEA), adult worms (SWAP or adult Ag), or cercariae (CERC or CAP) have been used, and have surprisingly provided reather distinct profiles of responses in different types of patients12. This is surprising because of the considerable overlap of the antigenic mosaics presented in these sorts of extracts, yet there seem to Tropical 25:125-134, abr-jun, 1992. be some dominant components which govern the overall responsiveness to be done to dissect these responses in regard to individual antigenic components within such extracts5 (B Doughty: personal communication).
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Until very recently all such studies were assayed only by the level of incorporation of 3H-TdR into the DNA of those cells stimulated to proliferate in these assay. Current studies also include phenotypic studies of the responding blast cells by flow cytometric analysis59-These preliminary studies indicate that the cells respondig to SEA, id and the "super-antigen"staphylococcal enterotoxin B do so in different proportions, as phenotypically characterized by their CD markers, T cell receptor and interleukin receptor expression. Further analysis and correlations with functional attributes assigned to different phenotypes may help in an understanding of the interactions in these responses.
While true longitudinal studies are few12 14 57 , in general, it is clear that patients with early infections respond strongly to SEA, while response to SWAP and CERC develop more slowly34 53-As infection progresses into the more chronic phases, a general pattern is seen wich leads to lower anti-SEA proliferative responses in the face of higher responses to SWAP and variable anti-CERC responsiveness. Also, if infections are cured and the former patients are not re-exposed to the threat of schistosome infection their PBMC express very high levels o f anti-SEA proliferation15 35. Furthermore, it has recently been seen that those individuals who live in endemic areas and have continued water contact, but are repeatedly stoolnegative (who are presumed to have self-cured or beputatively resistant; antigenic extracts and purified moieties5 (G Gazzinelli: data not published).
Numerous different correlations of high or low proliferative responses to various extracts have been made with clinical stages and forms of the infection. Some correlations are seen only in areas of high intensity infections12 15, while not being observed in populations with moderate or low numbers of egg per gram (epg) of feces. With the emergence or more studies, it is become apparent that both the intensity and the prevalence of a given area may influence or shape the general responsiveness of the population under study (G Gazzinelli: work in progress).
In vitro granuloma formation
The immunopathology of experimental S. mansoni infection is generally attributed to the granuloma formation around tissue-deposited eggs, and is considered to be a T cell-mediated immune response. Except for the work of Rocklin et al62, who observed a correlation between suppression of SEA-stimulated cultures and smaller rectal egginduced granulomas, most information about granuloma formation/modulation in humans has been obtained by examining infeced patients' PBMC reactivity to antigen-conjugated polyacrylamide beads in a so-called, in vitro, granuloma assay23. These studies suggest that immunoregulation in chronic schistosomiasis is predominantly cellular in nature, particulaly implicating a CD 8+ T lymphocyte in the regulation of this reactivity. In addition it has benn reported that anti-idiotypic (anti-id) CD4+ and CD 8+ T cell-subsets can down-regulate autologous granuloma formation in vitro when previously incubated with either an anti-SEA human Ig mAb or polyclonal anti-SEA antibodies immunoaffmity-purified from a pool of sera from chronically infected patients. These antibodies suppress the autologous granuloma formation by interaction with anti-id T cells. This effect was not observed with Fab fragments of anti-SEA antibiodies, suggesting crosslinking of T cell membrane components is required to induce this phenomenon, as it is for the induction of anti-id T cell proliferation23. Specific and non-specific humoral factors can also modulate the immune reponse at the in vitro granuloma level36. When treated with sera from chronic schistosomiasis patients, PBMC from patients with active schistosome infections induced inhibition of in vitro granuloma formation. Significant modulation also occurred upon treatment of PBMC with isolated immune complexes (IC), or with manufactured IC of SEA and purified IgG from pooled chronic schistosomiasis sera. In contrast, the incubation of PBMC with F (ab')2 fragment IgG-SEA IC did not induce any suppression of the granulomatous reactivity to SEA. Addition of indomethacin to the granuloma culture significantly reduced in vitro granuloma modulation. Circulating IC may regulate granulomatous hypersensitivity to S. mansoni eggs in patients with chronic intestinal schistosomiasis by inducing macrophages to secrete suppressive prostaglandins36.
Cytokine production
Little information is available on cytokine production by PBMC of schistosomal patients, relative to the number of PBMC proliferative studies. Fortunately, the last few yers has begun to see this lack now beginning to be rectified by several groups of investigators. Feldmeier and colleagues 29 Finally, many individuals from areas endemic for schistosomiasis also harbor multiple helminthic infections which elicit a number of cross-reactive serological responses to S. mansoni, and vice-versa18. This presents an additional complexity which should be considered in the evaluation of anti-schistosome responses in different endemic areas.
Immune response correlations with resistance to reinfection
Multiple epidemiological studies in many different endemic areas indicate that in a community the prevalence and intensity of schistome infections rise during the first decade and a half of life, and this is followed by a decline in both parameters. An immunological interpretation of these date suggests the gradual loss of current infections and the development in older individuals from endemic areas of a resistance to superinfection11 45. One approach to identify this resistant group was to study the intensity of re-infection after treatment among individuals of all ages whose levels of contact with water, known to contain infected ! 25:125-134, abr-jun, 1992. snails, was observed simultaneously. By this aproach it has been possible to distinguish an immune from a susceptible group8. An alternative method has been to identify uninfected individuals living in endemic areas who were stool-negative, but were known to have reasonable levels of exposure to water containing infected snails20.
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Various humoral and cellular responses have been sudied concommitantly in these different endemic populations. The relationship between intensities of re-infection following treatment of 129 children in Kenya, and various humoral responses has been studied by Butterworth and colleagues8. They have demonstrated high levels of IgG antibodies which can mediate eosinophildependent damage to schistosomula in vitro, and this activity was found in the sera of all children, both susceptible and resistant. Further analysis of these sera revealed a positive correlation between intensity of re-infections after treatment and the levels of IgM antibodies with specificity fora major 38 kDa schistosom ular surface antigen. Furthermore, IgM-enriched fractions recognizing both schistosomular surface and egg antigens not only failed to mediate eosinophil killing of schistosomula, but also blocked the killing that was mediated by IgG fractions from the same sera. These and other date suggest that blocking antibodies, including some IgM and ineffective IgG isotypes, prevent the expression of immunity in susceptible children. A related study in Bahia (Brazil) demonstrated an association of resistance after chemotherapy with seroreactivity to a 37 kDa larval surface antigen22.
Another antibody response against a specific epitope that may distinguish between resistant/ susceptible individuals was reported in the study of infected and non-infected individuals in another endemic area in Brazil, Divino do Traira20. It was shown that many of the subjects in the stoolnegative, non-infected group were seropositive to a soluble adult worm preparation (SWAP), despite their having no record of previous infection or treatment. The individuals in this non-infected (endemic normal) group, while indistinguishable from infected subjects in both SWAP and glutathione-S-transferase (GST) responses, had significantly elevated antibody levels to paramyosin. In addition, in infeced/treated individuals antiparamyosin antibody levels increased after treatment and remanined elevated only in those displaying complete parasitological cure.
A recent study suggests that significant degree of protective immunity against S. haematobium infection also gradually develops in a community in the Gambia38. Analysis of sera of these patients indicates that the IgE antibody levels (an isotype which participates in several reported in vitro anti parasite effector mechanisms) were higher in adults, and the levels of IgG4 antibodies against worm an egg antigens (a potential blocking isotype) were highest in the 10-14 year-old group. Re-infection studies in this community have supported the hypothesi s that the gradual development of immunity to infection may in part depend on pathways involving IgE/lgG4 rations, with the IgE mediating (or correlating with) resistance, and high levels of IgG4 antibodies blocking these mechanisms in younger patients.
PBMC responses to different antigen preparations have also been associated with the presence or absence of re-infection after treatment. In a study of re-infection after treatment in 18 Egyptian patients, those who became re-infected were similar to those who did not, in terms of their pretreatment intensities of infection or locations of their households in relationship to water contact sites. However, they did differ in their most recent PBMC responses, prior to their re-infections. Those patients who failed to become re-infected showed increased responses to SEA, CAP and SWAP antigens after treatment and these levels remained high throughout the study period13. A possibly related observation is the finding of high PBMC responses to SWAP, CERC, and especially SEA, of essentially all putatively resistant, endemic normals living in the three consecutively studied endemic areas of Divino do Traira, Siqueira and Bernardo (Brazil) (G Gazzinelli: work in progress). This is in shap contrast to most of those in the infected group, who generally present a much lower response to SEA1314 15.
Immune response correlations with morbidity
Perhaps 
